ABSTRACT. We evaluated genetic and environmental factors affecting age at first farrowing of sows in the Brazilian southeast. For this purpose, 466 observations regarding the age at first farrowing were made for Dalland-C40 © animals belonging to two herds. The effects of the environmental factors on this trait were assessed by means of a model that included, as random effects, the influence of the sow's father and mother and, as fixed effects, the influence the year of birth, the herd and the birth season, along with the covariable litter size at birth. The variance components were estimated using the derivative-free restricted maximum likelihood method. The estimated mean was 354.8 ± 25.87 days, with a coefficient of variation of 7.29%. Significant effects on the trait were observed for the herd, the year and the season of birth; Genetic and environment effects on age at first farrowing but a linear effect of litter size at birth on the age at first farrowing was not observed. The boar did not significantly contribute to the variation occurring among the sows, whereas the sow's mother caused significant variation. The heritability estimate for the age at first farrowing was 0.44 ± 0.15, which is considered high. We concluded that herd effect and year and season of birth should be taken into consideration for an accurate genetic comparison; consequently, the animals should be joined into contemporary groups.
INTRODUCTION
Animal breeding companies have been attempting to improve the female lineages used in crossing to produce F 1 female, as it has been proven that this is the most productive of all possible crossing, not only because of the great number of live-born piglets per farrowing but also because of their good feed intake in the maternity period, and consequently weaning in good body condition. Sows that are with good body shape at weaning of their litter have an interval between weaning and the following estrus that is beneficial to the farrowing rate of the herd, as is the number of farrowings of each sow and, consequently, the number of weaned piglets per sow per year (Antunes, 2002; Gomes da Silva et al., 2007; Cavalcante-Neto et al., 2011) .
Environmental and genetic factors can influence the reproductive and productive trait of pigs (Silveira et al., 2009; Cesar et al., 2010; Médici et al., 2010) . Knowledge of the influence of environmental and genetic factors on these traits is becoming increasingly important (Cavalcante-Neto et al., 2009a; Leite et al., 2011) , considering the geographic dimensions of Brazil, with regions of different climates, not to mention deficient management, inadequate facilities, and animals that are not always of high breeding value (Pinheiro et al., 2000; Cavalcante-Neto et al., 2008a , 2009b .
Studies showing the influence of genetic and non-genetic factors on the age at first farrowing in pigs from Brazil are still scarce in the literature. Therefore further research on that matter is necessary, considering its great economic importance in a production system. This study was aimed at evaluating the genetic and non-genetic factors which affect the age at first farrowing of sows from southeastern Brazil.
MATERIAL AND METHODS
For this research, 466 records regarding the age at first farrowing of Dalland-C40 © sows were used. The animals belonged to Granja São José -Irmãos Canalli (herd 1), located in the municipality of Monte Alto, SP, and to Suinocultura São José (herd 2), located in the municipality of Cabo Verde, MG.
The city of Monte Alto, SP, has annual rainfall of around 1552.1 mm. is 780 m (Bússola Net, 2006) .
The animals were all penned in a conventional brick building coated with cement and a watertight floor, with pickets in the units designed for mating. The feed provided to the breeding stock was of a commercial type, meeting the nutritional requirements of all raising phases.
The birth seasons of the animals were grouped into four trimesters: 1 -January through March; 2 -April through June; 3 -July through September; 4 -October through December.
To obtain more consistent data, some restrictions were made, thus considering for the analysis only information from reproducers with at least three daughters. It was also defined that the contemporary groups should include at least four observations. Once these restrictions were made, 466 records of age at first farrowing of sows that were the daughters of 15 boars and 120 dams were left.
The Statistical Analysis System (SAS, 1999) was used for the formation of files, consistency and descriptive analysis of the data, as well as for the assessment of the effects of environmental factors on the trait, for which the GLM procedure was used, considering the RANDOM option that treats the effect of the reproducer as random, by means of the following model:
where Y ijklm = age at first farrowing of the sow whose parents are boar i and dam j, in year k, season l, in herd m; µ = general mean; C i = random effect of the i th boar that is the sow's father nested herd; M j = random effect of the i th dam that is the sow's mother nested herd; A k = fixed effect of the k th year of birth; E l = fixed effect of the l th season of birth; R m = fixed effect of the m th herd of birth; b 1 = linear regression coefficient of the trait in relation to the total size of the first litter at birth; I ijklm = litter size at first farrowing; I = mean of litter size at first farrowing, and e ijklmn = random error associated with each observation, with µ = 0 and variance = δ 2 e . By studying the variables included in the models, it is possible to assess the isolated and combined contributions of each one of them and to determine a simpler model that fits the studied trait best. In this sense, the effects of all possible interactions between the fixed effects were tested and, whenever they had no statistical significance (P > 0.05), they were excluded from the analysis.
The variance components were estimated by the restricted maximum likelihood method free of derivatives, using the MTDFREML software (Boldman et al., 1995) applied to animal models. The adopted model was:
where y = vector of observations; X = incidence matrix of fixed effect; b = vector of fixed effect; Z 1 = incidence matrix of direct additive genetic effect; d = vector of direct additive genetic effect; Z 2 = incidence matrix of common litter environmental effect; c = vector of common litter environmental effect, and ε = vector of residual effect. σ are the direct genetic additive, the common litter environmental and the residual variances, respectively; A is the Wright's kinship coefficient matrix between the animals; I n is an identity matrix of order n, where n is the number of litter; I N is an identity matrix of order N, where N is the number of observations. The fixed effect considered in the genetic analyses was the group of contemporary, formed by animals born in the same year (2000,..., 2004) , same season (1, 2, 3, and 4) and same herd (1 and 2) .
The convergence criterion used was a variance of the simplex values (-2 log of likelihood) inferior to 10 -9 . After each convergence, the program was restarted using the previously obtained estimates as initial values. This procedure was then repeated until the differences between the estimates of the last two convergences were smaller than 10 -9 .
RESULTS
In this study, the estimated mean for the age at first farrowing (AFF) was 354.8 ± 25.87 days, with a coefficient of variation of 7.29%.
Analysis of variance (Table 1) showed that the effects of the year and the season of birth were significant (P < 0.01). Likewise, a significant effect (P < 0.005) was also found between herds. Linear regression of the total number of piglets born in the first litter, in relation to AFF, showed no significance at the 5% probability level. The effect of the boar (P = 0.35) was not important for the AFF, whereas the sow's mother (P = 0.01) was a major source of variation. The estimated heritability for the age at first farrowing was 0.44 ± 0.15, a magnitude considered high, which indicates that this trait might present a genetic gain in response to selection. The estimated common litter environmental effect was 0.19 ± 0.07, representing 19% of the total phenotypic variation.
DISCUSSION
A mean value lower than the one found in the present study was reported by Torres Filho et al. (2004) , who found a mean of 318.56 days in animals of the Large White breed. This difference may be due to the fact that this study was performed with commercial herds, for which each breeder determines in his own way the best time to have his sows mated. Some producers delay the entry of their sows in reproduction, determining an age or weight for starting their reproductive life, thus making it even more difficult to identify the sexually precocious females. However, the herd used by Torres Filho et al. (2004) originates from a genetic improvement program, which makes it likely that they received better follow-up for this purpose. Roehe and Kennedy (1995) , who worked with animals of the Yorkshire and Landrace breeds in Canada, obtained mean values of 365 and 360.5 days, respectively. Bárcena (2003) emphasizes that there is a difference between purebred and crossbred sows, both in the ovulation rate and in the age of onset of puberty, the same difference being also observed between white and dark breeds. Irgang (1977) used reproductive performance data on Large White females, recorded in the Pig Book of the Brazilian Pig Breeders' Association, and found a mean value of 14.11 months (423.3 days) at first farrowing. The author considered at the time that this value was rather high. Based on this statement, on the findings of Torres Filho et al. (2004) and on the results obtained in this study, we suggest that there has been genetic progress and/or environmental improvement regarding this trait in Brazil.
The effects of the year and season of birth demonstrate that the supply of raw material for feed manufacturing in those years was incompatible with commercial pig breeding. Corn shortages and difficulties in obtaining soy bran forced the producers to find substitutes with lower biological value, resulting in a poorer reproductive performance of the animals. According to Giné (2002) , many causes can contribute to the influence of the year and the season on pig raising. Among them, changes in management, in feed and in the quality of its ingredients, in the nutritional requirements, and in the climatic environment are worth mentioning. Thus, some adjustments in the feeding management could attenuate the influence of these effects.
The herd effect in turn consists of a set of management practices used on each farm during the growing and development phases of the sows, with the purpose of obtaining gilts which attain a good weight for the first service. Several authors affirm that the differences between herds are a factor that can significantly affect the reproductive traits of sows (Cavalcante-Neto et al., 2008b) . According to Irgang et al. (1990) , puberty at a younger or older age depends on the season of birth of the sows, on their moving around, involving change of pens, of diet, of the number of gilts per group during the pre-pubertal phase, and on the presence and stimulation of the male.
The evolution of pig breeding programs has resulted in a significant increase in the total litter size per sow. In this context, it has been reported that females with larger litters presented a shorter pregnancy length than those with small litters (Upnmoor, 2000; Mellagi et al., 2005) . Based on this observation, the hypothesis has been raised that the total size of the first litter could influence the AFF, since -according to Mellagi et al. (2005) and Upnmoor (2000) -larger litters bring about a shorter gestation length, which would result in a younger age at first farrowing, even by only a few days. This is, however, a controversial subject: it has also been reported that litter size has little influence on the gestation length (Day, 1980) ; some authors have found a positive correlation between the gestation length and the litter size at birth (Omtvedt et al., 1965) , whereas Mellagi et al. (2005) found a significant (P < 0.05), although low (-0.19), negative correlation between the litter size and the gestation length; there are also those who state that there is no correlation between these factors (Cox, 1964; cited from Omtvedt et al., 1965) .
According to First et al. (1982) , triggering of the delivery starts with the release of cortisol by the fetuses. This substance stimulates the placenta to convert progesterone into estrogen. These high levels of estrogen stimulate the development of oxytocin receptors and the secretion of PGF2α by the endometrium, causing luteolysis. Based on this, one could also assume that, the larger the number of cortisol-releasing fetuses, the faster the mother would enter into labor.
The heritability estimate obtained in this study indicates that phenotype is a good indi-cator of the individuals' genotype. Thus, it is expected that individual selection in sows would produce satisfactory genetic gains. The heritability value obtained here is higher than the one reported by Torres Filho et al. (2005) , who used a model that, in addition to the additive genetic effect, also took into account the maternal genetic and the common litter environmental effects, thus obtaining the heritability value of 0.34. Our result, however, is closer to that of Irgang (1985) , who found an estimated heritability of 0.49 for the female's age at first farrowing. According to Freitas (1998) , a reduction of the age at puberty means a younger age at service and first farrowing, reducing the age of the females' entrance into the breeding stock, which in turn represents, from the economic standpoint, a lower litter production cost. The same author also pointed out that this trait has 30% heritability, as well as genetic and phenotypic correlations, which are favorable to the growth rate, with additive variation and abundant pleiotropic effects for changes in puberty.
In the present study, the common litter environmental effect accounted for 19% of the total phenotypic variation among the sows, thus demonstrating the importance of including this effect in the genetic analysis models. In this sense, Mrode (1996) pointed out that the inclusion of the common environmental effect in the model increases the accuracy in predicting the breeding values of the animals. Torres Filho et al. (2005) stated that the estimate of the common litter environmental effect for a sow's age at first farrowing highlights the importance of its inclusion in genetic model for this trait, considering that it accounted for 11% of the total phenotypic variation.
CONCLUSION
We concluded that, for an accurate genetic comparison, the year and season of birth should be taken into consideration, in addition to the herd effect, and therefore the animals must be joined in contemporary groups. The estimated heritability value for the sow's age at first farrowing indicates that the selection applied on this trait is likely to result in genetic gain.
